###### Strengths and limitations of this study

-   The association of smoking with serum vitamin D was mixed.

-   Most, but not all, studies reported lower serum vitamin D in current smokers than in never smokers, and few studies examined the dose--response association between smoking patterns and serum vitamin D.

-   Taking advantage of a sample selected from the Guangzhou Biobank Cohort Study with natural exposure to vitamin D, and the detailed assessed smoking habit, we could investigate the association of smoking with serum vitamin D level more clearly.

Introduction {#s1}
============

Lower serum levels of 25-hydroxyvitamin D (vitamin D) have been linked to a number of chronic diseases, such as fractures,[@R1] diabetes[@R2] and cardiovascular disease.[@R3] The factors that may influence serum vitamin D concentration include skin type, body mass index, season and vitamin D ingested from foods or supplements. Other lifestyles that may influence serum vitamin D concentrations have not been well examined. Specifically, the association of smoking with serum vitamin D concentrations was unclear. Most of the recent studies reported lower serum vitamin D in current smokers than in never smokers.[@R4] However, results from the Tromsø study showed the opposite---that current smokers had higher levels of serum vitamin D than never smokers, in a sample of 6932 participants, and also in a subsample of 107 (50% current smokers) participants.[@R9] One possible explanation is that, in the West, smokers tend to smoke outside their home or office and thus may have higher sunlight exposure and subsequently lead to higher vitamin D concentrations. In Western countries, it is culturally inappropriate to smoke indoors, since the harms of secondhand smoke were established a few decades ago. Thus the influence of smoking on vitamin D, if any, may be confounded by sunlight exposure during outdoor smoking. In China, most of the cities did not have indoor public-place smoking bans until very recently, and smoking in indoor places was quite acceptable. Guangzhou, one of the largest economically developed cities in China, did not adopt any legislation on indoor public place smoking ban until 2010. Moreover, very few, if any, older Chinese people use vitamin D or multivitamin supplements. Taking advantage of a sample selected from the Guangzhou Biobank Cohort Study (GBCS) without vitamin D supplementation, we could investigate the association of smoking with serum vitamin D level more clearly.

Methods {#s2}
=======

The GBCS is a three-way collaboration among the Guangzhou No 12 Hospital, and the Universities of Birmingham and Hong Kong. Details of the setting and participant recruitment have been described elsewhere.[@R10] From September 2003 to January 2008, 30 430 permanent Guangzhou residents aged 50 years or above were recruited and attended a half-day detailed assessment session, which included a structured interview and a physical examination. Within our sample, the participants had fairly similar levels of chronic diseases such as diabetes and hypertension to nationally representative samples of urban Chinese.[@R10] All GBCS participants were invited to return during March 2008--December 2012, for a follow-up examination. The methods and some results based on the follow-up data have been published elsewhere.[@R11] [@R12]

The present study included 612 unselected men who returned for follow-up at the second examination, from 2009 to 2011, and had serum vitamin D measured. Physical examination included an interview on lifestyle, family and personal medical history, and measurement of weight, height, waist circumference, blood pressure, fasting plasma glucose, lipids and inflammatory markers. We collected detailed information on physical activity, using the Chinese version of the International Physical Activity Questionnaire (IPAQ). The validity and reliability of this questionnaire was assessed in 224 participants during a 7-day interval, and the results showed adequate test--retest reliability (intraclass correlation coefficient=0.89).[@R13] Participants were asked to recall the amount of time during the past week spent on physical activity, including vigorous activity such as heavy lifting, digging, aerobics or fast bicycling and moderate activity such as carrying light loads, bicycling at a regular pace or doubles tennis and walking. Frequency of and average amount of time per day spent on exercise were noted. A metabolic equivalent value (MET) was assigned to each type of activity according to accepted standards (see <http://www.ipaq.ki.se>), where 1 MET is a resting metabolic rate obtained during quiet sitting. MET value is 3.3 for walking, four for moderate activity and eight for vigorous activity. Participants were classified as either physically active, moderately active or inactive, according to the IPAQ. Physically active was defined as having vigorous activity at least 3 days a week, achieving at least 1500 MET minutes per week or activity on 7 days of the week achieving at least 3000 MET minutes per week. Moderately active was defined as having vigorous activity at least 3 days a week, achieving 480 METs, or at least 5 days of any combination of walking, moderate or vigorous activities achieving at least 600 METs. Those who did not meet the criteria for active or moderately active were considered to be physically inactive.

Exposures {#s2a}
---------

Well-trained interviewers collected smoking data, using a standardised questionnaire. Smoking was defined as having had smoked at least one cigarette per day or seven cigarettes per week for at least half a year. 'Current smoker' was defined by answering 'yes' to the question: 'Do you smoke cigarettes now?'. 'Former smoker' was defined as 'used to smoke but not smoking currently'.[@R14] [@R15] Information on duration of quitting smoking (years) was also collected. Reliability of the questionnaire was tested at baseline and the result was satisfactory. κ Values were 0.88 and 0.96 for the two questions about smoking status.[@R14] Several papers on smoking from GBCS have been published, suggesting that the smoking data should be reliable.[@R14]

Outcome {#s2b}
-------

Serum vitamin D was the study outcome, which was measured using an Enzymeimmunoassay by Uranus (AE 90) Auto Analyzer. The serum levels of 25-hydroxyvitamin D (unit: nmol/L) were assessed using ELISA (IDS 25-Hydroxy Vitamin D EIA kit, Immunodiagnostic Systems , UK). The intra-assay CV for 25-hydroxyvitamin D ranged from 4.6% to 8.7%, and the interassay CV ranged from 5.3% to 6.7%.

Statistical analysis {#s2c}
--------------------

The normality for vitamin D was tested by the Shapiro-Wilk normality test in STATA. As we cannot reject the fact that vitamin D was normally distributed, data analysis was based on the original scale of vitamin D. Pearson χ^2^ test and one-way analysis of variance were used to compare baseline characteristics by smoking status. A multivariable general linear model was used to examine the crude and adjusted associations of smoking status with vitamin D, from which the crude and adjusted regression coefficient and 95% CI were reported. Statistical analyses were performed using STATA/IC 10.1 (Stata Corp LP, College Station, Texas, USA).

Results {#s3}
=======

Among 612 men, 270 (44%) were never smokers, 154 (25%) former smokers and 188 (31%) were current smokers. Former smokers were older than current and never smokers, while current and never smokers were of similar age. Current smokers had lower education and prevalence of self-reported hypertension and cardiovascular disease, lower levels of body mass index and serum vitamin D concentrations, and tended to be less physically active than never or former smokers ([table 1](#BMJOPEN2015010946TB1){ref-type="table"}).

###### 

Demographic characteristics of 612 older Chinese men

                                            Smoking status                               
  ----------------------------------------- ---------------- ------------- ------------- ---------
  Age; mean (SD), year                      64.8 (6.7)       66.0 (6.3)    63.4 (6.3)    0.001
  Education, %                                                                           
   Primary or below                         15.7             24.7          33.0          \<0.001
   Middle school                            59.3             66.2          55.9          
   College or above                         25.0             9.1           11.1          
  Physical activity, %                                                                   
   Inactive                                 5.6              5.2           13.3          0.005
   Moderate                                 30.0             33.8          35.6          
   Active                                   64.4             61.0          51.1          
  Alcohol use, %                                                                         
   Never                                    51.2             30.9          35.8          \<0.001
   Ever                                     48.8             69.1          64.2          
  Self-reported diabetes, %                                                              
   No                                       94.1             91.6          94.7          0.46
   Yes                                      5.9              8.4           5.3           
  Self-reported hypertension, %                                                          
   No                                       72.0             66.9          78.9          0.04
   Yes                                      28.0             33.1          21.1          
  Self-reported cardiovascular disease, %                                                
   No                                       94.1             88.3          95.7          0.02
   Yes                                      5.9              11.7          4.3           
  Self-reported respiratory diseases, %                                                  
   No                                       92.6             93.5          93.1          0.94
   Yes                                      7.4              6.5           6.9           
   Body mass index; mean (SD), kg/m^2^      24.3 (3.0)       24.3 (2.9)    23.2 (3.2)    \<0.001
   Waist circumference, mean (SD), cm       85.8 (9.1)       86.3 (9.0)    85.0 (8.8)    0.39
   25-hydroxyvitamin D; mean (SD), nmol/L   58.3 (17.2)      57.0 (15.0)   54.7 (15.4)   0.07

Data presented as mean (SD) or percentage (%).

[Table 2](#BMJOPEN2015010946TB2){ref-type="table"} shows that, compared with never smokers, serum vitamin D concentration was lower in current smokers by −3.85 (95% CI −7.1 to −0.59) nmol/L, adjusted for age, education, alcohol use, physical activity, body mass index and self-reported diabetes, hypertension, cardiovascular disease and respiratory disease. Compared to never smokers, current smokers had lower serum concentrations of vitamin D, and the concentrations decreased with the increasing number of cigarettes per day (−3.11 (95% CI −9.05 to 2.82), −3.29 (−8.3 to 1.72) and −4.61 (−8.89 to −0.33) nmol/L for 1--9, 10--19 and 20+cigarettes per day, respectively; p for trend 0.01), duration of smoking (−1.39 (−6.09 to 3.30) and −5.39 (−9.42 to −1.35) nmol/L for 1--39 and 40+years, respectively; p for trend 0.008) as well as pack-years (−2.89 (−6.78 to 1.01) and −5.58 (−10.48 to −0.67) nmol/L for 1--39 and 40+pack-years, respectively; p for trend 0.009). Longer duration of quitting smoking was associated with higher vitamin D than was current smoking (p for trend 0.04). Analysis in current smokers showed that, compared to smokers with the lowest intensity of exposure (1--9 cigarettes per day; 1--39 years of duration and by pack-years), those with higher levels of exposure consistently showed lower levels of vitamin D, and the result was statistically significant in those with smoking duration of 40+years (β −6.55, 95% CI −12.09 to −1.01) ([table 2](#BMJOPEN2015010946TB2){ref-type="table"}).

###### 

Crude and adjusted regression coefficient (β-coefficient, 95% CI) for serum vitamin D concentration (nmol/L) by cigarette smoking status in men

                                         Number   Crude β-coefficient (95% CI)   Adjusted β-coefficient (95% CI)   Adjusted β-coefficient (95% CI)
  -------------------------------------- -------- ------------------------------ --------------------------------- ---------------------------------
  Smoking status                                                                                                   
   Never                                 270      Reference (0.00)               Reference (0.00)                  −
   Former                                154      −1.31 (−4.5 to 1.88)           −0.92 (−4.29 to 2.45)             −
   Current                               188      −3.53 (−6.53 to −0.53)\*       −3.85 (−7.1 to −0.59)\*           −
   P for trend                                    0.02                           0.02                              −
  Amount of cigarette smoking per day†                                                                             
   Never                                 270      Reference (0.00)               Reference (0.00)                  −
   1--9                                  37       −2.88 (−8.55 to 2.8)           −3.11 (−9.05 to 2.82)             Reference (0.00)
   10--19                                62       −2.69 (−7.25 to 1.87)          −3.29 (−8.3 to 1.72)              −0.54 (−7.48 to 6.41)
   20+                                   89       −4.39 (−8.34 to −0.43)\*\*     −4.61 (−8.89 to −0.33)\*          −1.98 (−8.44 to 4.48)
   P for trend                                    0.01                           0.01                              0.50
  Smoking duration (years)†‡                                                                                       
   Never                                 270      Reference (0.00)               Reference (0.00)                  −
   1--39                                 77       −1.45 (−5.64 to 2.74)          −1.39 (−6.09 to 3.30)             Reference (0.00)
   40+                                   103      −5.05 (−8.81 to −1.29)\*\*     −5.39 (−9.42 to −1.35)\*\*        −6.55 (−12.09 to −1.01)\*
   P for trend                                    0.01                           0.008                             −
  Smoking status by pack-years†                                                                                    
   Never                                 270      Reference (0.00)               Reference (0.00)                  −
   1--39                                 119      −2.79 (−6.37 to 0.78)          −2.89 (−6.78 to 1.01)             Reference (0.00)
   40+                                   61       −4.91 (−9.52 to −0.30)\*\*     −5.58 (−10.48 to −0.67)\*         −3.95 (−9.17 to 1.27)
   P for trend                                    0.02                           0.009                             −
  Duration of quitting (years)‡                                                                                    
  Current smokers                        188      Reference (0.00)               Reference (0.00)                  −
   1--9                                  50       −1.39 (−6.11 to 3.33)          −0.70 (−5.74 to 4.34)             −
   10--19                                50       2.22 (−2.50 to 6.94)           3.55 (−1.57 to 8.66)              −
   20+                                   47       5.34 (0.51 to 10.18)\*         4.66 (−0.45 to 9.77)              −
   P for trend                                    0.03                           0.04                              −

Adjusted coefficient: adjusting for age, education, alcohol use, physical activity, body mass index and self-reported diabetes, hypertension, cardiovascular disease and respiratory disease.

\*p\<0.05; \*\*: p\<0.01.

†Excluding former smokers.

‡Eight current smokers with missing information on duration of smoking and seven former smokers with missing information on duration of quitting were excluded from data analysis here only.

Discussion {#s4}
==========

Based on a community-based sample with natural exposure to vitamin D, our study showed that current smoking was associated with lower serum concentrations of vitamin D than those of never smokers, and the association showed a dose--response pattern, with greater number of cigarettes per day, longer smoking duration and more pack-years being associated with lower vitamin D. Moreover, former smokers with a longer duration of quitting (20+ years) had higher vitamin D levels than did current smokers. Taking advantage of the current setting, where taking vitamin D supplements is rare (\<1%) and indoor smoking was common, our results of the negative association of smoking with vitamin D were less likely to be biased or confounded.

Our study is in line with several recent studies showing current smoking to be associated with vitamin D deficiency or lower serum vitamin D concentrations,[@R4] [@R17] and provided complementary information on the dose--response pattern. Recently, Soldin and colleagues found an adverse effect of smoking on the synthesis of steroid hormones, including vitamin D.[@R21] The exact mechanisms by which smoking affects vitamin D metabolisms are still unclear. One possibility is that current smokers had a lower-vitamin D dietary pattern than never smokers, which may, partly, if at all, explain the negative association of smoking and vitamin D in our study. The other possible explanation is that chemicals in tobacco smoke may have a direct effect on vitamin D metabolism and function.[@R17] Moreover, there is evidence that smoking may change the expression of some genes that play a role in the metabolic pathway of vitamin D.[@R17] [@R22]

There are several limitations in the current study. First, this was a cross-sectional study. Whether smoking reduces vitamin D or if there is an association between smoking and vitamin D levels could not be confirmed due to residual confounding. Given the unquestionable harmful effects of tobacco smoke, it is unethical to conduct randomised controlled trials on smoking. Further interventional studies on animal models or Mendelian randomisation studies using genetic instruments as proxies of smoking[@R23] may help to clarify the causal relation between smoking and serum vitamin D. Second, information on sunlight exposure was not available in our study and thus could not be adjusted in the data analysis. However, we adjusted for physical activity, a proxy for sunlight exposure, in the regression model and the results did not change. Further studies taking into account average duration of sunlight exposure are warranted. Third, because very few Chinese women smoked,[@R24] our results on men cannot be generalised to women, although there is no evidence suggesting that the effect of smoking on vitamin D varies by sex. Fourth, in older people, endogenous vitamin D synthesis were limited (lower skin concentrations of the vitamin D precursor, 7-Dehydrocholesterol) and dietary vitamin D could affect vitamin D status. The lack of detailed assessment of dietary vitamin D intake may be a concern. However, it is unlikely that dietary intake per se affects the smoking status---the underlying factors could be socioeconomic position (SEP). For example, people of lower SEP have more of a tendency to smoke than those of higher SEP and people of higher SEP tend to select foods rich in vitamin D, such as milk.[@R25] We have adjusted for education as a proxy of SEP in this study. Thus the potential confounding effect of dietary vitamin D intake due to SEP, if any, should not be a major concern. Fifth, the sample size of the current study was relatively small, particularly in detailed assessment of the linearity of smoking exposure and vitamin D. Finally, our participants were relatively healthy survivors and might not be fully representative of the general population. However, within sex and age group, the participants of the GBCS had fairly similar levels of chronic diseases such as diabetes and hypertension to those of nationally representative samples of urban Chinese.[@R10] The strengths of this study include a detailed assessment of lifestyle and disease history, which may be associated with both smoking status and vitamin D, and if ignored may lead to confounding bias.

In conclusion, current smoking had lower serum concentrations of vitamin D than never smoking, and the associations showed a dose--response pattern, with greater number of cigarettes per day, longer smoking duration and more pack-years being associated with lower vitamin D. Longer duration of quitting smoking was associated with higher vitamin D than was current smoking.
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